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Aims

• Reflect on the primary stakeholder in our hazard 
assessment efforts

• Acknowledge current approaches

• Challenge whether a novel approach could be developed

• Identify key existing enablers 

• Get your perspective



Primary stakeholder

Environmental public 
health interests

Pharma interests

Personal interests



Animal studies as human surrogates

Animal research has an important role in protecting public health



Regulatory expectations



Cardiomyocytes are 
contractile cells with 
immense energy needs

Heart valves ensure 
unidirectional flow of blood.

Blood vessels conduct blood 
to the heart itself as well as 
the rest of the body.

Rhythmic waves of 
electrical activity ensure 
coordinated contraction 
of different regions of the 
heart.

Evolution and Experience = Confidence



Data is supportive

*



• Under the conditions of this study, does this agent have a 
biological effect?
– “Conditions” = Non-human species, point in time, route of 

administration

• Where does that effects occur (e.g., target organ 
characterized at the organ/tissue level)?

• What is the morphologic character of that effect?

• Is the effect adverse?

• At what dose/exposure does the effect occur?

Current questions



• Human questions in a non-human system

• Restricted to “conditions”
– those conditions don’t generally mimic the ‘human’ condition

• Not personalized

• Pathogenesis is speculative

• Mechanism of action unknown

Challenges to the current questions



• Does this agent have human bioactivity?

• What human cell or tissue types are most susceptible to that bioactivity?

• Under what human conditions does that susceptibility occur (genetically variable vs. 
perturbed biology)?

• Is that human bioactivity adaptive, maladaptive, reversible?

• At what human exposures does that activity occur?

• What is the temporal and cellular pathogenesis of the activity?

• Can this information be more broadly extrapolated to the complex in vivo human condition?

Could we leverage advances in modeling technology to ask different 
questions and still protect human health?

Future questions



• Does this agent have human bioactivity?

• What cell or tissue types are most susceptible to that bioactivity?

• Under what conditions does that susceptibility occur (genetically variable vs. perturbed 
biology)?

• Is that bioactivity adaptive, maladaptive, reversible?

• At what exposures does that activity occur?

• What is the temporal and cellular pathogenesis of the activity?

• Can this information be more broadly extrapolated to the complex human condition?

Could we leverage advances in modeling technology to ask different 
questions and still protect human health?

Future questions

Fundamental shifts

• Animal to Human
• ”Effect” to “Activity”
• Population to Precision

• Could an approach asking these fundamental questions be 
more human-relevant?

• Could it be higher throughput?
• Could it enable more ‘precision toxicology’?
• Do we have the technology and knowledge to make this 

shift?



What current knowledge and capabilities 
might enable such a fundamental shift in 
how we model hazards? 



Structural injuries Functional changes

∆ BP ∆ HR

Arrhythmia

∆cardiac mass

organellar injuryvalvulopathy

cardiomyocyte injury vascular injury

∆contractility

Changes in disease

Ischemic events
Coronary artery dz

Heart failure
Cerebrovascular events

Hypertension
Metabolic disease

We know what failure looks like



We know some mechanisms of failure

E.g. Calcium handling, contractility and heart failure

Screen this

Model this

Predict this

Secondary pharmacology

iPSC cardiomyocytes?



We have experience with toxicity

Human Experience

Animal Experience
Do these experiences 
enable us to target 
where we look for toxic 
bioactivity?



We’ve invested in mechanistic screening strategies

Molecular events

Modes of action

Pathways
Predictive extrapolation

Do these capabilities 
support a more evidence-
based approach?



The Microphysiological Systems 
(MPS) program supports military 
readiness by enabling timely 
evaluation of the safety and efficacy 
of novel medical countermeasures 
against a wide range of natural and 
man-made health threats, including 
emerging infectious disease and 
chemical or biological attack.

We’ve invested in human and physiologically-relevant modeling systems



MPS Target 
organ #1

MPS Target 
organ #2

Normal 
cell/tissue 

biology

MoA/Failure 
modes

Normal 
cell/tissue 

biology

Normal 
cell/tissue 

biology

Normal 
cell/tissue 

biology

MoA/Failure 
modes

MoA/Failure 
modes

MoA/Failure 
modes

Strategic application - Think platform and paradigm!

Prioritization of 
target organs

Organotypic
Standards

+ + + +

MPS Target 
organ #3

MPS Target 
organ #4

In vivo-relevant 
endpoints

Presenter
Presentation Notes
We need to embrace the idea that we cannot entirely replicate the human condition but we do know enough to be targeted.
There is an interesting tension between the challenges of a ‘one size fits all approach’ and the need for a ‘platform’ that can define a different paradigm.



We’ve built enabling tools



Can we define a novel paradigm?

QSAR Read-across

Mechanistic bioactivity

Physiologic modeling

Mechanistic and exposure-
based IVIVE
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Salient features
•Defined by a bold 
aspirational goal- i.e. single 
species safety package
•Alternatives development 
defined by the prioritized 
scope of in vivo assessments

•Improves human relevance 
and decreases animal use

Pros
•Deliberate innovation defined 
by current standards
•Significant alignment and 
complementarity of 
investment
•Significant decrease in 
animal studies- particularly for 
non-rodents
•Clinical predictivity could 
increase

Cons
•Requires Significant global 
coordination
•Regulatory acceptance 
required for full impact

•Structured development 
and qualification process

•Innovation directed 
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Incentive-driven

Make it worth the 
effort!

Enhancing value with aspiration - A BHAG Approach



Acknowledgements



• Are we asking the right questions?  What’s missing?

• Animal studies do not assess every possible biological 
effect.  How do we know what scope of biology is most 
important to assess?

• How far down the temporal progression of pathogenesis do 
we need to model to predict an acute outcome?  A chronic 
outcome?

• What is the tractability of a ‘Virtual Human’ hazard 
assessment platform?

• What technical capabilities would we need to develop to be 
successful?

BSC Questions



Thank you
Questions?
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